Imagine being able to detect electric fields in the environment! For skates, sharks and paddlefish the opposite is unimaginable. These animals are among a small group of vertebrates that are able to detect weak electrical fields to find prey and to navigate. Two papers now shed new light on the developmental and physiological basis of electroreception in skates and paddlefish [1, 2] . In 1678, the Florentine physician Stefano Lorenzini offered the first description of a network of small organs in the head of rays and sharks, which came to be known as the ampullae of Lorenzini ( Figure 1 ) [3] . Yet, it took nearly 300 years to reveal that these mysterious organs function as electric field detectors [4] . The ampullae of Lorenzini have historically been compared to the neuromasts of the mechanosensory lateral line of jawless and jawed fishes [5] . Both sensory organs share many similarities. Electrosensory systems are believed to have originated with jawed vertebrates (gnathostomes) during the Ordovician, and developmental and morphological data indicate that electroreceptors might be derived from a mechanosensory system [6, 7] . Some evidence suggests that electroreceptors have appeared independently at least twice within bony fishes (Teleosteii).
Ampullar organs consist of small dermal pores and collagen channels that end in sub-dermal alveoli filled with a lowresistance gel, which was recently revealed to be a proton-conducting material [8] . This gel covers a single layer of electroreceptive cells that reside within the ampullae. The transduction of environmental electric signals from the receptors occurs through the release of neurotransmitters onto afferent nerve fibres that project to the central nervous system. Electroreceptive ampullae show species-specific structure, complexity and distribution, but are usually localized on the rostrum [9] . An adult animal may have several thousand ampullary pores [10] . Despite centuries of research on this system, two important questions have remained unanswered. First, whether electroreceptive ampullae and mechanoreceptive neuromasts are determined by a shared genetic mechanism. Second, how similar are the molecular mechanisms of electro-and mechanoreception.
Modrell and colleagues [2] set out to investigate the first question using a state-of-the art transcriptomic approach by RNA-seq technology to generate a gene-expression profile of the neuromasts and ampullary organs in the paddlefish (Polyodon spathula). Their starting point was the hypothesis that, although the electrosensory ampullae and mechanosensory neuromasts are similar, at some level they must be genetically separable. This is because various vertebrate lineages have lost electrosensation but not mechanosensation, and also because electroreceptors and mechanoreceptors do not develop simultaneously in organisms that have maintained both sensory abilities [11] . These researchers compared the transcriptional profile of gill-flaps that are covered in ampullary organs and neuromasts, with fin tissue devoid of such organs. Their initial differential expression analysis yielded 490 genes, which included transcripts coding for transcription factors whose expression had been previously found in both ampullary organs and neuromasts [5] . Among those, the most salient were the homeodomaincontaining transcription factors Six1 and Six2, the HMG domain-containing Sox3, and the basic helix-loop-helix (bHLH) transcription factor Atoh1. Six1, a Sox3 homologue Six2, and Atoh1 are expressed in the inner ear and the lateral line in several species that include mammals, and necessary for the development of mechanosensory hair cells [12] . These data suggest a high degree of genetic conservation between mechanoreceptor and electroreceptor formation. Importantly, however, they also identified ampullary-organ specific Neurod4, a transcription factor associated with neurogenesis in vertebrates. Further validation of a subset of transcripts revealed expression in ampullary organs of genes coding for proteins that are essential for neurotransmitter release from hair-cell ribbon synapses and calcium-binding (Figure 1 ), which indicates some degree of physiological similarities between electroreceptors and mechanoreceptors. Of note, the synaptic ribbons in electroreceptors have been described as 'synaptic sheets' [13] . Among those genes were those coding for proteins that help tether glutamate-filled synaptic vesicles and stabilize L-type voltage-gated calcium channels to the plasma membrane, indicating that ampullary-organ active zones form glutamatergic synapses, just like those of hair cells in the neuromast and the inner ear [14] .
In a separate study, Bellono and colleagues [1] aimed at elucidating the molecular basis of electroreception. They began their analysis with electrophysiological and pharmacological experiments, which indicate that electroreceptors in the amplullary organs of the little skate (Leucoraja erinacea) used a voltage-gated calcium (Ca2+) channel Ca v and the voltage-gated potassium (K+) channel BK. To identify the ion channel subtype involved in electroreception, they also employed a transcriptional-profiling approach from ampullary organs. In their dataset, they Current Biology 27, R1305-R1329, December 18, 2017 ª 2017 Elsevier Ltd. R1327
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Dispatches found a very strong enrichment of a transcript coding for the a1-subunit of the Ca v 1.3 channel, as well as several Ca v auxiliary subunits. This channel is functionally coupled with big conductance calcium-activated potassium channel (BK) to produce cellular voltage oscillations. The presence of a BK channel in the ampullary organs was previously confirmed by molecular cloning [15] . Additional analysis of candidate genes revealed expression of the pore-forming a-subunit of K+ channels. How do these channels work in electroreception? The Ca v channels are formed by several subunits, the core a1 subunit being the transmembrane ionconducting pore. Bellono and colleagues [1] identified a specific insertion of a positively charged motif KKKER into an intracellular domain of the a1 subunit of Ca v 1.3. This small insertion was revealed to be essential for the remarkably low voltage threshold of the skate Ca v 1.3, suggesting that charge repulsion enhances open-state stability of the channel at the resting membrane potential. Direct recordings from electrosensory cells by whole-cell patch-clamp showed a steep voltage dependence of the Ca2+ channel. Moreover, a comparison of the skate and rat Ca v 1.3 channels revealed not only a lower threshold of the skate channel but also that the currents produced by skate Ca v 1.3 are activated at more negative potentials than those produced by the rat channel.
In addition, Bellono and colleagues [1] found that the skate BK is adapted for voltage oscillation. A comparison of skate BK with mouse BK showed that skate channel passes less current than its murine counterpart. This may result in low-frequency oscillation events with larger amplitude, explaining the unique properties of BK channels in electroreceptive cells. Summing up, the mechanism of signal transduction in the electroreceptive cells involves the opening of L-type calcium channels by electrical stimuli, which results in Ca 2+ influx into the cell. This depolarizes the cellular plasma membrane and causes synaptic-vesicle exocytosis. The mechanism further includes basal membrane repolarization by voltagegated potassium channels and calciumdependent chloride channels. The apical membrane is repolarized by the activity of BK channels. This results in cellular potential oscillations and evoked release of glutamate into the synapse. This study is remarkable in that it provides insights into the oscillations of the membrane potential in electrosensory cells while revealing many surprising similarities with the mechanosensory hair cells. Summing up, the mechanism of signal transduction in the electroreceptive cells involves the opening of L-type calcium channels by electrical stimuli, which results in Ca 2+ influx into the cell. This depolarizes the cellular plasma membrane and causes synaptic-vesicle exocytosis and consequently a transmission of the signal to the nerve. Following, the initial condition is restored by basal membrane repolarization by voltage-gated potassium channels and calciumdependent chloride channels. The apical membrane is repolarized by the activity of BK channels. This results in membrane potential oscillations and evoked release of glutamate into the synapse. This study is remarkable in that it provides insights into the oscillations of the membrane potential in electrosensory cells while revealing many surprising similarities with the mechanosensory hair cells. Together, these papers provide important insights about the molecular basis of electroreception, and also reveal developmental similarities of the electroreceptive and mechanoreceptive cells. Importantly, both studies pave the way to a more detailed understanding of electrosensation by providing a clear framework for further experimental studies on this fascinating sensory modality. 
